, and cancer of the biliary passages and liver in white men dying after 1980 (SMR 358, 95% CI 116-836).
CI 76-98), and accidents (SMR 61, 95% CI 52-70). Mortality was raised for multiple myeloma (MM) in white women (SMR 236, 95% CI 87-514), non-Hodgkin's lymphoma (NHL) in white women (SMR 212, 95% CI 102-390), and cancer of the biliary passages and liver in white men dying after 1980 (SMR 358, 95% CI . Detailed analysis of the 6929 employees occupationally exposed to trichloroethylene, the most widely used solvent at the base during the 1950s and 1960s, did not show any significant or persuasive association between several measures of exposure to trichloroethylene and any excess of cancer. Women employed in departments in which fabric cleaning and parachute repair operations were performed had more deaths than expected from MM and NHL. The inconsistent mortality patterns by sex, multiple and overlapping exposures, and small numbers made it difficult to ascribe these excesses to any particular substance. Hypothesis generating results are presented by a variety of exposures for causes of death not showing excesses in the overall cohort.
Hill Air Force Base, Utah, is one of several facilities in the United States operated by the Air Force Logistics Command to maintain and overhaul aircraft and missiles. In the mid-1970s, workers at the base expressed concern over potential health effects from chemical exposures as a result of adverse health symptoms reported by around 120 persons who had worked in one particular building at the base. A congressional hearing produced preliminary evidence of a raised proportion of deaths from neoplasms of lymphatic and haematopoietic tissue, especially multiple myeloma.1 After reviewing the problem in February 1980, the National Research Council's committee on toxicology suggested that a two phase epidemiological study be undertaken, a retrospective cohort mortality study followed by a case-control study of any cause of death shown to be excessive in this population relative to an appropriately chosen comparison population. Of general concern to the workers were cancer, disorders of the neurological system, and dysfunction of the reproductive system2 in relation to solvents used in aircraft maintenance operations. Particular concern was expressed regarding neoplasms of the lymphatic and haematopoietic system.
The United States National Cancer Institute, with financial support from the United States Air Force and technical support from the American Federation of Government Employees and the United States Air Force, undertook a retrospective cohort mortality study of workers at the base (1) to determine whether working at this aircraft maintenance facility was associated with an increased risk of death; (2) to evaluate in detail mortality risks associated with exposure to trichloroethylene; (3) to determine whether any raised risks for specific causes of death were associated with specific chemical exposures; and (4) to generate hypotheses for future research by evaluating the relation between various diseases and specific chemicals.
Methods

COHORT DEFINITION
The study group was composed of all civilian employees who worked for at least one year at Hill Air Force Base between 1 January 1952 and 31 December 1956. This cohort, numbering 14 457 persons, was assembled from individual earnings records (IERs) at the civilian branch of the National Personnel Records Center (NPRC), St Louis, Missouri. The IERs, which contain demographic and employment information, were used to establish eligibility of study subjects and to obtain identifying data for the cohort. From a feasibility study of a sample of records drawn from NPRC it was determined that a cohort, consisting of all persons who worked for at least one year at the base between 1952 and 1956, would provide adequate numbers of persons and adequate time since first exposure to study the effect of occupational exposure to trichloroethylene. The IERs for employment before 1952 were stored at NPRC in one alphabetical file (not separated by specific base). Official personnel folders (OPFs) were obtained for 99 8% of all subjects (14 425 out of 14 457) for the purpose of abstracting identifying information (name, date of birth, race, sex, etc) and complete work histories while employed at the base (job title, date started in that job, name of the department, and the corresponding department symbol for each job held at the base).
Vital state of cohort members was determined through a number of sources including the Social Security Administration ( (ICD) in effect at the time of death. Causes of death were assigned ICDA-8 numerical codes for purposes of analysis.4
ASSESSMENT OF EXPOSURES
A detailed description of the procedures to assess exposures can be found in a companion paper. 5 Briefly, two industrial hygienists (DEM, JSL) conducted walkthrough surveys of the base, interviewed long term employees, and reviewed industrial hygiene files, position descriptions, and other historical documents from the base to obtain information on departments (called organisations by the air force), job titles and tasks, numbers of employees, operations, chemicals used, monitoring results, and engineering controls. From the personnel files of cohort members, over 150 000 job title and organisation combinations were abstracted and standardised for spelling and word order, reducing the job dictionary to roughly 43 000 job and organisation combinations.
Trichloroethylene (TCE) was of particular interest in this study because it was an important solvent used at the base by many workers (nearly 45 000 person-years of exposure). Special efforts were, therefore, made to evaluate exposures to TCE. Quantitative assessments of actual exposure levels could not be made. For each combination of job and organisation, an assessment was made as to whether it had frequent or infrequent peak exposures to TCE, or continuous, or intermittent low level exposures to TCE, or both. From these patterns of use, exposure indices were developed that reflected comparative differences in exposure. Many other solvents were used at the base and, where possible, they were qualitatively evaluated. As it was difficult to identify with confidence particular solvents used for some jobs, a category of "mixed solvents" was designated. Continuous or intermittent patterns of exposure to mixed solvents were identified and again exposure indices were developed that reflected comparative differences. The development ofexposure indices for TCE and mixed solvents enabled analyses to be performed by cumulative and average exposures. mortality ratios (SMRs) and confidence intervals7 were calculated for selected causes of death for the entire cohort and for subgroups with likely exposure to chemicals. The starting date for follow up was 1 January 1953 or one year after the start of employment, whichever was later. Person-years at risk were accumulated for the cohort by race, sex, and five year age and calendar era categories. Non-cancer rates for 1950-60 were obtained by using rates for 1960. The observed number of deaths was divided by the expected number of deaths and multiplied by 100 to give the SMR; SMRs are presented in table 3 when more than two observed, or two expected deaths, or both occurred. Confidence intervals (95%) around the SMRs were computed assuming that the observed numbers of deaths had a Poisson distribution.7 Persons presumably deceased (based on vital state information from SSA and other sources) but lacking a death certificate were counted in the unknown cause of death category and included in the tabulation of "all causes of death." The X7 test for trend in SMRs across exposure categories was derived from the x2 test for linear trend of Breslow et al. 8 A regrouping of lymphoreticular neoplasms was done to create two further categories with common histological characteristics: (1) non-Hodgkin's lymphoma (NHL) composed of lymphosarcoma and reticulosarcoma (ICD 200 ) and other neoplasms of lymphoid tissue (ICD 202) and (2) multiple myeloma (MM) (ICD 203). Utah death rates for NHL and MM were generated by the designers of OCMAP specifically for our use in this study.
Mortality risks among white male and female workers were compared with the mortality experience for the white male and female populations living in the United States and the state of Utah. The larger United States population provides more stable rates, but the Utah population is more reflective ofthe lifestyle of the civilian workers in this cohort. Risks by estimated duration of exposure were assessed to evaluate exposure response relations for each of 25 categories of chemicals. Person-years of exposure were computed from date of first exposure, which could have been as early as 1939. All periods of employment at the base until 31 December 1982 were counted in determining person-years of exposure. All 25 categories of exposure were accounted for in exposure specific analyses. Person-years of follow up began one year from date of first exposure to a given chemical or on 1 January 1953, whichever was later. Analyses were also conducted by time since first exposure (latency).
For persons exposed to TCE and mixed solvents, SMRs were calculated by type of exposure (that is, frequent or infrequent peaks, continuous or intermittent low level exposures). Analyses by cumulative exposure were also performed, in which years of exposure were accumulated for each cohort member in the appropriate exposure category until the cumulative index exceeded the next higher cut off point. Each cohort member then remained in the highest attained category until leaving the study. Data were also analysed by time since first exposure, highest exposure, and average exposure.
Internal comparisons were made to reduce possible bias by socioeconomic or cultural differences between cohort members and the general population of Utah, and to determine whether raised SMRs were base wide or limited to specific exposure categories. This second method involved life table analyses with the procedure of Thomas and Gart,9 which adjusted for age at entry into follow up (within five year categories) and competing causes of death. The Thomas-Gart (TG) method was used in place of the SMR because the unexposed subgroup in the cohort had small numbers; this violates the assumption made in using SMRs that no variation exists in death rates in the comparison group. Using this general linear multiple logistic model, white men and women exposed to a given chemical were compared with those of the same race and sex never exposed to any chemical while employed at the base. Chi square statistics and associated levels of significance (p values) were generated. Further TG analyses were also computed for groups with 20 or more years since first exposure to particular chemicals.
Results
DESCRIPTIVE STATISTICS
White men constituted 65% (9400/14 457) of the total cohort and 22% (3138) were white women. The numbers of non-white men (269) and women (122) were too small for analysis. Persons tSpecial categories created for this study. Tables 2-5 present data from the second aim of the study-namely, the evaluation of the association between exposure to TCE and specific causes of death. Tables 2 and 3 provide SMRs for selected causes of death for white men and women, ever exposed to TCE during their careers at Hill Air Force Base. Mortality from all causes combined was significantly depressed among men (SMR 92, 95% CI 87-96) and women (SMR 82,95% CI 71-95), and several causes of death had significant deficits in SMRs. Although no significant excess risks occurred in either sex, non-significantly raised SMRs were found among men for cancers of the biliary passages and liver (SMR 196, 95% CI 85-386) and asthma (SMR 244, 95% CI 79-570), and among women for cancer of the cervix (SMR 224, 95% CI 61-574) and cancer of the lymphatic and haematopoietic system (SMR 143, 95% CI 58-295), particularly for NHL (SMR 286, 95% CI 78-73 1). Tables 4 and 5 present SMRs for selected causes of death for TCE exposed workers by estimated cumulative exposure categories. Significant upward trends by cumulative exposure were found among men for the categories "all causes of death" and "emphysema". Among women exposed to TCE, a significant negative trend by cumulative exposure was found for all cancers combined. Analysis by average exposure found a significant upward trend only among men for the all causes of death category (no table presented). Analyses by type of exposure to TCE (frequent v infrequent peak exposures, and continuous v intermittent low level) did not show any significant patterns. Tables 6 and 7 consider the third aim of the studynamely, further analyses of the raised SMRs found in the overall cohort by total exposure to specific chemicals. Both tables display relative risks from exposure to 25 selected chemicals used on the base, plus the categories any chemical, any solvent, never exposed to any chemical, and total cohort. Exposure categories are not mutually exclusive because many workers had multiple exposures.
ANALYSIS BY SPECIFIC DISEASES
Multiple myeloma Non-significantly raised SMRs for MM occurred among men and women exposed to the general category of any chemical, any solvent, or mixed solvents, and among women never exposed to any +Special categories created for this study. For all exposure categories in table 6, the TG procedure9 was used to assess the significance of mortality differences among persons exposed to specific chemicals and persons in the cohort never exposed to any chemical while working at the base. In general, the results from the TG analyses for persons dying of multiple myeloma were consistent with the results from table 6. The significant associations held among men exposed to methylene chloride (n = 4, X2 = 6 8, p = 0-009) and women exposed to 1,1,1-trichloroethane (n = 2, x2 = 11-5, p = 0001) or perchloroethylene (n = 2, Z2 = 5 6, p = 0-018).
The associations were not significant among women for multiple myeloma and exposures to toluene (n = 3, x2 = 3-6, p = 0058) or MEK (n = 2, X2 = 1 6, p = 0 204). When the analysis was restricted to 20 years or more after first exposure, the association was statistically significant for multiple myeloma among men exposed to methylene chloride (n = 2, x2 = 4 1, p = 0 043) and among women exposed to perchloroethylene (n = 2, x2 = 4-6, p = 0 034), but not among women exposed to toluene (n = 3, x2 = 3-2, p = 0 077).
NON-HODGKIN S LYMPHOMA
For NHL, SMRs were greater than 100 for many chemicals and tended to be higher among women (table 7) . For men, none of these excesses was statistically significant. For women, statistically significant associations were found among the total cohort (SMR 212, 95% CI 102-390), persons ever exposed to any chemical (SMR 279, 95% CI 112-575), any solvent (SMR 282, 95% CI 113-581), mixed solvents (SMR 286,95% CI 115-560), carbon tetrachloride (SMR 325, 95% CI 119-708), and perchloroethylene (SMR 968, 95% CI 117-3496). The association between perchloroethylene and NHL among white women was statistically significant in the TG analyses (n = 2, x2 = 5-2, p = 0 022). As well as the two perchloroethylene exposed cases, one other female case (reported in table 6 as "never exposed to any chemical") worked in a dry cleaning shop during non-Hill employment, where exposure to perchloroethylene may have occurred. When results for perchloroethyleneexposed men and women were combined, the overall SMR for NHL was 315 (95% CI 86-609).
A review of work histories of persons dying from MM or NHL suggested that an unusual proportion of women developing these diseases may have worked in either or both of two fabric handling departments where "dope" (a substance used in fabric treatment) and solvents were used. Multiple myeloma was significantly raised among women employed in parachute repair (SMR 1717, 95% CI 354-5018), and among those in fabric cleaning (SMR 1155, 95% CI 140-4174), but no deaths were found from either cause among men employed in these shops. Non-Hodgkin's lymphoma was not significantly raised among men or women employed in these areas.
Cancer of the biliary passages and liver For cancers of the biliary passages and liver, no significant associations occurred with exposure to any specific chemical ( The excesses of breast cancer among women exposed to freon, solder flux, and isopropyl alcohol were not independent: six out of seven of these cases had exposure to all three chemicals.
The TG analyses of breast cancer showed highly significant associations with exposures to isopropyl alcohol (n = 7, x2 = 17 37, p < 0-001), freon (n = 7, x2 = 15 37, p < 0-001), solder flux (n = 6, = 15 14, p < 0-001), and other alcohols (n = 2, = 10 24, p = 0-001). Also, breast cancer was significantly raised among women exposed to methylene chloride (n = 3, x2 = 6 12, p = 0 01).
Discussion
Over the years many chemicals have been used at this base in the repair and maintenance of aircraft. These include chlorinated hydrocarbons (trichloroethylene, perchloroethylene, chloroform, 1,1,1 -trichloroethane, methylene chloride, ortho-dichlorobenzene, and freon), aromatic hydrocarbons (toluene, xylene), aliphatics (isopropyl alcohol, and other alcohols), and other compounds such as carbon tetrachloride, solder flux, zinc chromate, silica, and high octane fuels. Exposure of man to these chemicals is of concern because several cause cancer in animals (chloroform, methylene chloride, isopropyl alcohol, silica, perchloroethylene, and trichloroethylene).'3 Data, however, are lacking or insufficient to draw definite conclusions about their effects in man."3 This study of 14 457 civilian workers at an air force aircraft maintenance facility was initiated because this population provided the opportunity to obtain important epidemiological information on trichloroethylene and other chemicals widely used in industry, and because of preliminary evidence indicating that these workers might be experiencing a high proportion of deaths due to MM.' Experimental studies of TCE provided limited evidence for carcinogenicity in animals. '3 Compared with other epidemiological studies of cohorts exposed to solvents, the study is large and is one of the few to present results for both sexes. Several limitations need to be considered, however, in interpreting the results. Many SMRs were computed because the cohort had potential exposure to a large number of chemicals. Subgroup analyses were done by sex, by specific chemical, by latency, and by duration of exposure or level ofexposure. Few deaths occurred from most diseases showing raised SMRs. Although subgroup analysis is an important step in establishing new links between diseases and specific exposures, it also introduces chance results due to the increase in the number ofcomparisons and a decrease in the size of the subgroups being analysed. Due to the multiple statistical comparisons, some of the significantly high and low SMRs probably reflect chance observations.'4 Also, overlap of chemical use among defined exposure groups was considerable, with most workers exposed to more than one chemical. This makes it difficult to relate excess risks to specific chemical exposures. Many of the solvents were used interchangeably and some may have been contaminated with other chemicals. Clustering of disease excesses also occurred for certain exposure categories-for example, men exposed to methylene chloride had excess risks for MM and cancer of the biliary passage, bladder cancer, and asthma. Furthermore, some chemicals under study are metabolised into other chemicals.
Smoking histories were not available. For smoking to confound associations, however, not only must it have been a risk factor for the disease of interest, but the proportion who smoked must differ between the exposed and unexposed members of the cohort. Evidence to date does not indicate a direct relation between smoking and multiple myeloma, nonHodgkin's lymphoma, or cancer of the biliary passages and liver.'5 Other investigators have seldom found that the proportion of smokers differed substantially between exposed and unexposed subjects,'6 17 and we have no reason to suspect a difference in the current study. The To rule out cultural and behavioural differences between the workers in the cohort and the population of Utah, within cohort analyses (TG method) provided a closer possible cultural group for comparison by utilising an employed population as the comparison group. Because of few cohort members in the never exposed group, however, this last analysis suffered from problems of stability. Also, the proportion of never exposed workers who were in salaried rather than wage grade jobs was 61 % compared with less than 1 % of exposed workers, indicating that the TG analyses did not compare groups of exactly similar socioeconomic state.
These limitations do not invalidate results from this study. On the contrary, it possessed strengths that provided unique opportunities to evaluate mortality risks associated with exposures found in this facility. With over 14 000 study subjects followed up for over 25 years, this was a large occupational cohort. The study included an exposure assessment component that was more detailed than typically found in epidemiological studies. Although misclassification of exposures to specific substances undoubtedly occurred, the degree ofmisclassification associated with this approach is likely to be substantially less than that from analyses based only on occupational titles. Consistency of findings using national, state, and unexposed worker populations as comparison groups decreases the likelihood that results are due to chance.
DISEASES
When compared with the general mortality experience of the Utah population, mortality in the study cohort was significantly raised for MM and NHL among white women and for asthma and cancer of the biliary passages and liver among white men. The MM excess was of particular interest as a preliminary investigation of 67 cancer deaths, identified by workers and air force officials, had shown a raised number (four) of multiple myelomas. Significant deficits occurred for several causes. More detailed evaluation of mortality patterns by specific chemical exposures uncovered a number of associations. Small numbers for most chemicals and overlapping exposures, however, complicate interpretat-ion.
Significantly raised SMRs for MM occurred among women exposed to perchloroethylene, 1,1,1-trichloroethane, toluene, and MEK, and among men exposed to methylene chloride, all based on fewer than five deaths. Non-significant increases, however, were associated with exposures to some other chemicals and were also seen among women never exposed to chemicals. All three cases of MM among women exposed to chemicals worked in fabric handling operations (two worked specifically on parachute repair), where they may have had contact with carbon tetrachloride, perchloroethylene, trichloroethylene, and possibly toluene, Stoddard solvent, "dope" (a stiffening agent for cloth), or nitrocellulose paint. Specific identification of the chemicals used in these products could not be made. Two of these cases had also been exposed to 1,1,1-trichloroethane, toluene, methyl ethyl ketone, and zinc chromate in other work areas. One of the women classified as having no exposure to chemicals had worked in a dry cleaning shop before coming to work at the base.
A carcinogenesis bioassay study found significant increases in mammary tumours in rats and lung and liver tumours in mice given methylene chloride by inhalation.2' The excess of MM among white men exposed to methylene chloride has not been found in other epidemiological studies. A survey of workers exposed to methylene chloride in the production of photographic chemicals noted an excess for pancreatic cancer (eight observed deaths v 3-2 expected) but not for MM.2223 No such excess for pancreatic cancer was noted for exposures to methylene chloride in the current study, although a significant trend in SMRs was found across cumulative exposure categories for men exposed to mixed solvents. Ott et a 124 25 studied synthetic fibre production workers exposed to methylene chloride in South Carolina. Based on a total of 54 deaths, no excess mortality was seen for any cause of death.
An excess of NHL was seen among women exposed to perchloroethylene, based on two deaths (one in the parachute repair section at the base and the other, who may have also been exposed to perchloroethylene as a laundry and dry cleaning worker outside of the base, as an aircraft mechanic).
A recent inhalation carcinogenesis bioassay showed increases in hepatocellular carcinomas in mice and mononuclear cell leukaemia in male rats after exposure to perchloroethylene. 26 The statistically significant SMR for asthma among men exposed to methylene chloride in this study was also unexpected. Methylene chloride is metabolised to carbon monoxide, which results in increased carboxyhaemoglobin concentrations in man.5' As the three deaths from asthma occurred many years after last exposure, however, it is unlikely that methylene chloride was causally related to this excess. Occupational asthma has been described among men employed as spray painters, presumably due to exposure to isocyanate,52 but there was no suggestion of exposure to isocyanate among those asthma cases in our study.
We found significant SMRs for breast cancer among women exposed to freon, solder flux, and isopropyl alcohol. These chemicals were also significantly associated with breast cancer in the TG analysis, as were methylene chloride and other alcohols. Several recent studies have reported a raised risk of breast cancer among women who drank alcoholic beverages,"58 although a causal association remains uncertain and may be confounded by other risk factors.59 Alcoholic beverages contain ethyl alcohol, which is close in chemical structure to some of the alcohols used by the cohort. Teta et al"' have reported an excess risk of breast cancer among cosmetologists. The excess of breast cancer in women exposed to methylene chloride is intriguing, given the ability of this agent to produce mammary tumours in rats." Breast cancer is influenced by factors of lifestyle and socioeconomic state,6' so that it is more appropriate to use the TG analysis, which is based on the mortality experience of other women employed at the base as the standard for comparison. It is interesting that SMRs for bladder cancer among men in the current study were raised, though not significantly, after exposure to the same chemicals.
Recent studies of incidence of testicular cancer among United States navy personnel have implied an excess risk among aircraft repair workers.6263 It was suggested that dimethylformamide (DMF) may be the causal agent. There was no use of DMF at the base; nor was there any excess mortality from testicular cancer.
EXPOSURES
The solvents used at the base were primarily chlorinated hydrocarbons (chloroform, ortho-dichlorobenzene, freon, methylene chloride, perchloroethylene, 1,1,1 -trichloroethane, trichloroethylene), aromatic hydrocarbons (toluene, xylene), alcohols (isopropyl alcohol, other alcohols), and carbon tetrachloride. Perchloroethylene is similar to trichloroethylene in chemical structure, and is metabolised to trichloroethylene.'M Several of the solvents under question are fat soluble and are stored in fatty tissue.65 As well as concerns raised by bioassay studies ofcarcinogenesis, a major toxic effect of these solvents has been depression of the central nervous system.6667 A raised SMR for cancer of the central nervous system among men exposed to xylene, which has acute toxic effects on the system, has not, to our knowledge, been previously reported.
Several approaches were adopted to evaluate mortality risks associated with exposure to TCE. No overall association was found between exposure to TCE and any cause of death within this study. This is consistent with other cohort studies of TCE exposed workers."68 " Although an overall deficit ofdeaths from emphysema among men exposed to TCE was found (SMR 83, 95% CI 55-121), we cannot explain the significant upward trend of the SMRs by cumulative exposure to TCE seen in table 4. Two other epidemiological studies on case series of liver cancers707' found no association with TCE exposed jobs. Experimental studies of TCE provide limited evidence for carcinogenicity in animals.'3 Methyl chloroform (1,1,1 -trichloroethane), which largely replaced TCE in the 1970s as the primary solvent used at the base, is generally not considered to be carcinogenic.
A considerable effort was put into estimating potential exposures from inhalation in this study, particularly to TCE and mixed solvents. It was not possible to evaluate potential dermal exposures, which could have led to misclassification of study subjects. Also, most of the cohort who had exposure to TCE were exposed to comparatively low concentrations of this chemical. For other chemicals, estimates of exposure levels, either from inhalation or dermal absorption, could not be made. Although we think that the sensitivity was high for assigning chemical exposure to jobs, we are less certain regarding the specificity of this approach-that is, it seems likely that some jobs with certain chemical exposures were not recognised. When exposure to solvents seemed likely, but uncertainty existed in assigning the specific solvents used, the project industrial hygienists (JSL, DEM) assigned the category of mixed solvents. Thus some persons classified as nonexposed to a particular substance may have actually had such an exposure. Such misclassification of exposure would moderate exposure response gradients. 74 
Conclusions
Although this is the largest study to date of workers exposed to TCE, no significant or persuasive relations were found between various measures of exposure to TCE and the risk of any specific malignancy. These results are consistent with other epidemiological studies of workers exposed to TCE. Because of the few deaths for many types of cancer and the low levels of exposure to TCE, it is only possible to suggest, at this time, that occupational exposure to TCE probably does not pose a strong carcinogenic risk for man.
Given the original concern regarding excess deaths from MM among workers at the base we were not surprised to find raised SMRs for MM and NHL. These SMRs were associated with various chemical exposures and could not be specifically ascribed to any particular substance. The most consistent associations were seen for two specific work areas; statistically significant SMRs for MM among women (SMR 1717, 95% CI 354-5020) and non-significant raised SMRs for NHL in both sexes were seen for workers in departments concerned with fabric cleaning and repair of parachutes. Exposures in these departments included various solvents as well as a "dope" of unknown formulation used as a stiffening agent for fabric. With regard to specific exposures and the risks of MM, statistically significant SMRs were seen among women exposed to perchloroethylene ( overlapping exposures, differences in SMRs between the sexes, and multiple non-significant associations with many other chemicals complicate any attempt to relate the mortality excesses for MM and NHL to specific exposures. Further complicating interpretations are the raised SMRs for both of these tumours among women never exposed to chemicals at the base. None the less, the associations between these tumours and chemicals such as carbon tetrachloride and perchloroethylene that cause cancer in laboratory animals, plus similarities to other epidemiological investigations that have noted associations between various solvent exposures and risks of lymphatic and haematopoietic neoplasms, provide a biological plausibility which, we believe, does not allow these findings to be clearly dismissed as chance occurrences.
Exposure assessment in this cohort also allowed exposure specific assessment of risks of cancer sites that were not in excess in the total cohort. Here, even more than in the case of MM and NHL, caution is needed to avoid overinterpretation of what may be chance observations. Perhaps the most provocative finding, however, was the series of associations with excess breast cancer, a cancer site not usually associated with occupational exposures. Included were significantly raised SMRs among women exposed to isopropyl alcohol (SMR 312, 95% CI 125-642), freon (SMR 309,95% CI 124-638), solder flux (SMR 310, 95% 114-674), and non-significant associations with methylene chloride (SMR 204, 95% CI 42-597) and other alcohols (SMR 271, 95% CI 33-980). Increasing employment of women in blue collar jobs indicates the need for further evaluation of these associations in studies that will allow assessment as to whether they a;e related to job exposures or to factors of lifestyle associated with women employed in these jobs.
